Abstract This study investigated whether men and women are equally likely to adapt their driving behaviors in response to visual limitations. Participants were 376 (222 women and 154 men) pre-surgical cataract patients from the Shiley Eye Center in La Jolla, California. All participants completed the National Eye Institute Visual Functioning Questionnaire, which assesses self-reported visual symptoms, functional limitations, and behaviors including driving during the day, at night, or in difficult conditions. Visual acuity was assessed using the log of the minimal angle of resolution (LogMAR) scale. There were no significant differences in LogMAR visual acuity between men and women who reported either that they stopped driving at night because of visual impairment or reported having no difficulty driving at night. Of participants who reported having difficulty driving at night, mean weighted LogMAR scores indicated significantly better visual acuity for women than men. There were no significant differences in LogMAR visual acuity between women and men in any of the difficult driving condition categories. Significantly more women than men reported that they stopped driving in difficult conditions because of eyesight, despite the lack of gender differences in visual acuity for this sample. We found no evidence that cataract disease had different effects on the visual acuity of older adult men and women. However, there was a significant difference between genders in self-reported driving behavior. It is possible that some women are more cautious or have less need to drive. However, failing to adapt driving behaviors to accommodate visual limitations may represent a potential behavioral public health risk for men.
Introduction
Problems with vision are associated with an increased risk of automobile accidents [26] . Millions of Americans are affected due to age-related eye disease [4, 5, 37] . Reports of visual impairment increase with age. Globally, 65 % of the visually impaired are 50 years and older [30] . In the United States, approximately 3.3 million Americans with visual impairment are over the age of 40 [26] . Previous research has shown that older adults with visual impairment were over two times more likely to be involved in an accident even after controlling for variables such as age, sex, race, and medical conditions [25] . Furthermore, older adults who are aware of their visual limitations tend to selfregulate when and where they drive [25] . In fact, ''problems with eyesight'' is the most often cited medical reason to limit or avoid driving [32] .
Cataracts are the most commonly cited reason for impaired vision among adults in the United States [26] and on a global basis (33 %; [30] ). It is estimated that nearly half of the US population between the ages of 75 and 86 have cataract disease [12] . Cataracts cause impairment of visual acuity [18, 28] , a specific aspect of vision involving the ability to discern detail [13] . Visual impairment resulting from cataracts has been shown to affect ability to drive safely and is considered a road safety concern [19, 28, 38] . Cataracts are also the leading cause of blindness [30] . Additionally, individuals with cataracts demonstrate poorer driving performance than age-matched controls without cataracts [38] . Cataract surgery has been shown to reduce the risk of motor vehicle accidents by half [27] and the risk of driving-related incidents by 88 % [34] .
Perceived loss of visual functioning may affect one's decision to drive. It has been shown that gender is one factor which may account for differences in modification of driving behavior [17] . In a study by Glendon et al. [7] , women rated their likelihood of getting into an accident higher than men. The same study showed that, while men indicated that they perceived their own driving competence to be greater than the driving competence of their male peers, women did not perceive themselves as better drivers than their same gender peers. Similarly, HakamiesBlomqvist and Siren [8] found that younger women were more likely to stop driving as a result of less severe physical limitations than men. Existing literature also suggests that women are more likely to reduce or stop driving than men as a result of visual difficulties [2, 23, 35, 36] and to avoid driving in difficult conditions such as driving at night, bad weather, an unfamiliar areas, and in high traffic than men [22] . Further, in a sample of older adults, Meuleners et al. [20] found that there was a significantly greater reduction in police-reported crash involvement for men than for women following cataract surgery.
Thus, literature suggests that there are gender-related differences in the perception of visual impairment and the decision to drive. However, literature pertaining to genderrelated differences in modification of driving in response to visual limitations is limited. The aim of the current study was to examine whether there are gender differences in the relationship between perceptions of visual ability and visual acuity. Additionally, gender differences in the relationship between the decision to drive in difficult conditions and visual acuity were examined.
Methods

Participants
The study participants were 376 (222 women, 154 men) pre-surgical cataract patients from clinical sites at four academic medical centers: The University of California, Los Angeles (UCLA); the University of California, San Diego (UCSD); the University of Wisconsin; and the University of Southern California. IRB approval was obtained for each academic center covering their respective clinical sites. Upon enrollment signed consent forms from their respective institutions were obtained from all participants. By self-report, all 276 participants drove ''at least once in a while'' when assessed. The age of participants ranged from 40 to 91 years [M Women = 70.3 (SD = 10.2), M Men = 68.4 (SD = 11.3)]. Demographic characteristics of the study population are summarized in Table 1 .
Procedure
Participants were recruited prior to scheduling their first eye cataract surgery. The surveys were self-administered. Participants brought home and completed a packet of selfadministered questionnaires and mailed them back to the study center to receive a $20 merchandise gift certificate of their choice. The questionnaire packet included the 25-item National Eye Institute Visual Functioning Questionnaire (NEI-VFQ25; [15] ) and the Quality of Well Being Scale (QWB-SA; [11] ). Visual acuity was tested by clinic personnel utilizing the log of the minimal angle of resolution (LogMAR).
Measures
Disability and Driving Reduction
National Eye Institute Visual Functioning Questionnaire (NEI-VFQ-25). The NEI-VFQ25 is a psychometrically valid, vision-specific instrument used for assessing vision-specific quality of life (VS-QoL; [15] ). It was developed by the RAND Corporation and UCLA with support from the National Eye Institute (NEI). The NEI-VFQ-25 assesses self-reported vision-related functioning and well-being. The 12 NEI-VFQ subscales include: selfrated general health, general vision, ocular pain, near vision activities, distance vision activities, vision related social functioning limitation, role limitations, dependency, mental health limitations, difficulties with driving, peripheral vision, color vision, and ocular pain [14, 16] . For the purpose of this study, three items were used. These include self-reported visual health (item 2), difficulty driving at night (item 16), and difficulty driving in bad weather conditions (item 16a). Self-reported visual health was assessed using item 2, ''At the present time, would you say your eyesight using both eyes (with glasses or contact lenses, if you wear them) is excellent, good, fair, poor, or very poor, or are you completely blind?''. Items 16 and 16a ''How much difficulty do you have driving at night?'' and ''How much difficulty do you have driving in difficult conditions, such as in bad weather, during rush hour, on the freeway, or in city traffic?'' were used to assess difficulty driving at night and driving in difficult conditions, respectively. Response choices for these items were: No difficulty at all (1), a little difficulty (2), moderate difficulty (3), extreme difficulty (4), have you stopped doing this because of your eyesight (5) or have you stopped doing this for other reasons or are you not interested in doing this x (6). There is an extensive support for the reliability and validity of the VFQ-25 [1] . Additionally, the NEI-VFQ-25 has been deemed appropriate for measurement of visual impairment in older adults [24] , as well as in individuals with cataract disease [21] .
Visual Acuity
The log of the minimal angle of resolution (LogMAR). Weighted visual acuity of both eyes was obtained using a [10] .
Statistical Analyses
Independent samples t-tests were used to determine gender differences between NEI-VFQ-25 self-reported driving difficulty and LogMAR visual acuity for night driving, and driving during difficult condition categories. Chi-square tests were used to examine the relationships between gender and the variables self-reported difficulty in driving at night, driving in difficult conditions, and stopping driving in these situations. All statistical analyses were conducted using an alpha level of .05.
Results
Among 316 respondents, 4.5 % of men and 18 % of women reported that they stopped driving at night because of concerns about vision. Difference for visual acuity (mean weighted LogMAR) between men (M = .73, SD = .61) and women (M = 1.11, SD = .76) who reported having no difficulty driving at night, were non-significant, t(33) = -1.514, p = .232. Likewise, no significant difference was found in visual acuity between men (M = 1.03, SD = .26) and women (M = 1.29, SD = .91) who reported that they stopped driving at night because of visual impairment, t(33) = -.703, p = .487. Conversely, women who reported having difficulty driving at night had significantly better visual acuity than men (women: M = .76, SD = .45; men M = .94, SD = .56), t(225) = 2.64, p = .009.
Weighted LogMAR scores between men (M = .88, SD = .55) and women (M = .75, SD = .48) who reported having no difficulty driving in difficult conditions were not significantly different, t(87) = 1.129, p = .262. Moreover, there was no significant difference in weighted LogMAR scores between men (M = .91, SD = .57) and women (M = .84, SD = .58) who reported having difficulty driving in difficult conditions t(188) = .789, p = .431. Again, there was no significant difference in weighted LogMAR scores between men (M = 1.13, SD = .18) and women (M = 1.36, SD = .88) who reported that they stopped driving in difficult conditions because of their eyesight, t(12) = -.372, p = .717.
Of the 316 respondents, only 39 (12.3 %) reported to have stopped driving at night because of visual impairment (Table 2) . A higher percentage of women (18.6 %) reported having extreme difficult or reported to having stopped driving at night (18.0 %) as compared to men (6.0 and 4.5 %, respectively). A Pearson's Chi-square test showed a statistically significant relationship in difficulty driving at night by gender, v 2 (4) = 39.74, p \ .001. Thirteen (18 %) of 182 women stopped driving in difficult conditions because of eyesight (Table 3) , while only two (4.5 %) of 133 men stopped driving for this reason. This difference in driving cessation between men and women was significant, v 2 (5, N = 315) = 32.94, p \ .001 (Table 3) . Among participants still driving at night or in difficult conditions, there was no overall difference by gender in self-report of current eyesight, v 2 (4, N = 264) = 3.659, p = .454 (Table 4) .
Discussion
Women reported more difficulty driving at night and in difficult conditions than men. Further, women were more likely to stop driving because of difficulty driving at night and in difficult conditions than men. These findings are consistent with those of Rimmo and Hakamies-Blomqvist [33] who found that women were more likely than men to refrain from driving in winter weather, during rush hour, and at night. Previous research has indicated that women tend to stop driving at younger ages and when they are in better physical health than men [3, 31] . This finding indicates that men may be less likely than women to perceive an increase in difficulty of driving as a function of visual impairment. These findings are supported by those of Glendon et al. [7] which suggest that in general women perceive driving as more dangerous than men and that men perceive themselves are more competent drivers than women.
Among participants who indicated that they stopped driving at night because of their eyesight, there was no difference in visual acuity between men and women. Additionally, differences between men and women, who reported not experiencing difficulty driving at night were non-significant. In addition, there was no difference in visual acuity between men and women in bad/busy conditions. Only two male participants from the study stopped driving because of eyesight in bad/busy conditions. Among participants who reported that they still drive at night or in difficult conditions, there was no significant difference by gender in self-report of current eyesight. However, of participants still driving, a higher percentage of women rated their eyesight as ''excellent'' or ''very good.'' while a higher percentage of men rated their eyesight as ''poor.'' Taken together, this suggests that poor eyesight is a crucial factor related to the decision to stop driving for women but not for men. This is consistent with the findings of Ragland et al. [32] who found that ''problems with eyesight'' was more commonly cited as a reason to refrain from driving among women than men. Another explanation for the differences in cessation of driving among women and men is that it has been shown that the length and level of activity in a person's driving history is strongly associated with driving cessation and continuation. Specifically, men drive more often than women [33, 36] and are more likely to be the principle driver of the household [2] . Reasons provided for cessation of driving for women with an active 'male-typical' driving history are similar to reasons provided by men (deterioration of health and recommendation by physician; Hakamies-Blomqvist and Wahlstrom [9] . In addition, women indicate having less need to drive [6] . Taken together, this suggests that the relationship between driving cessation and gender may be mediated by driving habits as indicated by Hakamies-Blomqvist and Siren [8] .
There were some limitations in the current study. First, recruitment of patients with cataract disease limits variability in the participants. Visual impairments with other etiologies, such as macular degeneration or diabetic retinopathy, may influence the decision to drive differently. Using cataract patients also means that participants are indeed aware of their visual challenges and have sought help. Additionally, participants in the current study were recruited only from La Jolla, California; therefore results based on this sample may not be generalizable to the greater population. The measurement of visual impairment is also potentially problematic. Visual acuity may only weakly relate to crash involvement [29] . Other aspects of visual functioning that are more strongly associated with motor vehicle accidents, such as processing speed and contrast sensitivity, may better predict the decision to stop driving [29] .
The primary goal of this study was to determine whether men and women were equally likely to change their driving behaviors in response to visual limitations. Despite reporting poorer overall eyesight than women, men were less likely to report difficulty driving and to report limiting driving to accommodate visual impairment. It is possible that some women are more wary or have less need to drive. However, failing to adapt driving behaviors to accommodate visual limitations may represent a potential behavioral health and public safety risk for men. These findings support previous studies showing that women tend to give up driving more readily because they often have had a more inactive driving career, are not the principal driver in the household, and have lower driving confidence ratings [9, 33] . Future studies should be conducted to measure actual driving behavior and whether a variety of visual limitations affect the driving patterns of men and women differently. Physicians, optometrists, ophthalmologists should consider effects of gender and driving experience in guiding decisions about driving fitness. Additionally, driving safety interventions for older adults should be tailored to fit gender specific needs.
